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(57) ABSTRACT 

Methods of and systems for ?ltering particles, Whose largest 
cross-sectional dimension is greater than a predetermined 
distance, of a multiphase ?uid that comprises a particulate 
phase are provided. The methods provide for a step for 
delivering the multiphase ?oWable fuel through ?lter means, 
Wherein the ?lter means is for retaining particles of the 
particulate phase Whose largest cross-sectional dimension is 
greater than a predetermined distance. The systems provide 
for means for retaining particles Whose largest cross-sec 
tional dimension is greater than a predetermined distance, 
and means for providing at least one How path for at least 
part of the multiphase ?uid. In one application, the methods 
and systems are used in connection With an electrochemical 
poWer source and components thereof. 
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IN-LINE FILTRATION FOR A PARTICLE-BASED 
ELECTROCHEMICAL 

FIELD OF THE INVENTION 

[0001] The invention relates generally to particle-based 
electrochemical power systems, and, more speci?cally, to 
metal particle-based electrochemical poWer systems, and 
?lter-based methods and apparatus for maintaining the par 
ticle siZe of the particles of a multiphase ?uid ?oW used in 
the particle-based electrochemical poWer systems. 

RELATED ART 

[0002] UtiliZation of a Zinc particle-containing potassium 
hydroxide reaction medium in a Zinc-air fuel cell is subject 
to numerous challenges. Included among these are potentials 
for the Zinc particles to groW in siZe via agglomeration 
and/or electrodeposition and to form potential short-circuit 
inducing dendrites. Unfortunately, these potentials can lead 
to diminished ?oW through and/or clogging of the reaction 
solution ?oW system, and a resulting reduction in ?oW to the 
cells of the Zinc-air fuel cell of suitably siZed Zinc particles 
needed to maintain a suitable anode bed in the Zinc-air fuel 
cell. 

SUMMARY 

[0003] In one aspect, the invention comprises ?lter sys 
tem(s) for use in a ?oW of a multiphase ?uid that comprises 
a particulate phase in an amount greater than a predeter 
mined Weight percent. The ?lter system(s) can be con?gured 
to provide at least one ?oW path for the multiphase ?uid and 
to retain particles of the particulate phase Whose largest 
cross-sectional dimension is greater than a predetermined 
distance. 

[0004] In another aspect, the invention comprises meth 
od(s) of retaining particles, Whose largest cross-sectional 
dimension is greater than a predetermined distance, from a 
multiphase ?uid ?oW that comprises a particulate phase in 
an amount greater than a predetermined Weight percent. The 
method(s) can comprise delivering the multiphase ?uid ?oW 
through a ?lter system, Where the ?lter system is con?gured 
to provide at least one ?oW path for the multiphase ?uid ?oW 
and to retain the particles. Optionally, the method(s) can 
further comprise con?guring the ?lter system to reduce a 
cross-sectional dimension of the retained particle(s) beloW 
the predetermined distance. 

[0005] Generally, the predetermined Weight percent con 
templated for use in accordance With the invention can be in 
the range(s) from about 0.01 Weight percent to about 10 
Weight percent. 

[0006] In a further aspect, the invention comprises com 
ponent(s) for a particle-based electrochemical poWer sys 
tem. The component(s) can comprise a poWer source, a fuel 
storage unit, a ?lter system, and one or more ?oW paths 
betWeen the fuel storage unit and the poWer source. The fuel 
storage unit can contain a multiphase ?oWable fuel that 
comprises a particulate phase. The ?lter system can be 
con?gured to retain particles of the particulate phase Whose 
largest cross-sectional dimension is greater than a predeter 
mined distance. The one or more ?oW paths can be con?g 
ured to provide the multiphase ?oWable fuel betWeen the 
fuel storage and the poWer source, such that at least one of 
the ?oW paths is directed through the ?lter system. 
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[0007] In an additional aspect, the invention comprises 
method(s) of using particle-based electrochemical poWer 
source component(s), Which component(s) can comprise a 
?lter system and one or more ?oW paths for a multiphase 
?uid that comprises a particulate phase. Using can comprise 
operating, testing, other utiliZings, and the like, and suitable 
combinations thereof. The method(s) can comprise deliver 
ing a ?oW of the multiphase ?uid through the ?lter system 
along at least one of the ?oW paths. The method(s) can 
further comprise con?guring the ?lter system to retain 
particles of the particulate phase Whose largest cross-sec 
tional dimension is greater than a predetermined distance. 

[0008] In another aspect, the invention comprises particle 
based electrochemical poWer system(s) that can comprise 
component(s) in accordance With a further aspect of the 
invention. 

[0009] In a further aspect, the invention comprises meth 
od(s) of using particle-based electrochemical poWer source 
system(s), Which system(s) can comprise a poWer source, a 
fuel storage unit, a ?lter system and one or more ?oW paths 
for a multiphase ?uid that comprises a particulate phase. 
Using can comprise operating, testing, other utiliZings, and 
the like, and suitable combinations thereof. The method(s) 
can comprise delivering a ?oW of the multiphase ?uid 
through the ?lter system along at least one of the ?oW paths. 
The method(s) can further comprise con?guring the ?lter 
system to retain particles of the particulate phase Whose 
largest cross-sectional dimension is greater than a predeter 
mined distance. 

[0010] Typically, the predetermined distance contem 
plated for use in accordance With the invention is con?gured 
to assist in the operation of the particle-based electrochemi 
cal poWer source system(s). In selected embodiments, the 
predetermined distance can be determined on a relative basis 
(e.g., as a percentage of the average largest cross-sectional 
dimension of the particles, as measured prior to initiation of, 
or during, the ?oW) or on an absolute basis (e.g., in the 
range(s) from about 500 nm to about 5 

[0011] Other systems, methods, features and advantages 
of the invention Will be or Will become apparent to one With 
skill in the art upon examination of the folloWing ?gures and 
detailed description. It is intended that all such additional 
systems, methods, features and advantages be included 
Within this description, be Within the scope of the invention, 
and be protected by the accompanying claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The components in the ?gures are not necessarily 
to scale, emphasis instead being placed upon illustrating 
some principles of the invention. In the ?gures, like refer 
ence numerals designate corresponding parts throughout the 
different vieWs. 

[0013] FIG. 1 is a simpli?ed block diagram of one 
embodiment of an electrochemical poWer source system. 

[0014] FIG. 2 is a simpli?ed block diagram of an alternate 
embodiment of an electrochemical poWer source system. 

[0015] FIGS. 3A and 3B are simpli?ed block diagrams of 
an embodiment of a ?lter system according to the invention, 
With FIG. 3A representing a cross-section perpendicular to 
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a How path therethrough, and FIG. 3B representing a 
cross-section parallel to a How path therethrough. 

[0016] FIGS. 4A-4C are simpli?ed diagrams of embodi 
ments of a slab useful in a ?lter system according to the 
invention, With FIG. 4A being a cross-section in the thin 
dimension of one embodiment of the slab, FIG. 4B being a 
cross-section in the thin dimension of an alternative embodi 
ment of the slab, and FIG. 4C being a cross-section in the 
planar dimension of the slab. 

[0017] FIGS. 5A and 5B are simpli?ed block diagrams of 
an alternative embodiment of a “string-like , planar” slab 
useful in a ?lter system according to the invention. 

DETAILED DESCRIPTION 

[0018] In one aspect, the invention comprises ?lter sys 
tem(s) for use in a How of a multiphase ?uid that comprises 
a particulate phase in an amount greater than about a 
predetermined Weight percent. 

[0019] Typically, the multiphase ?uid is useful as a fuel in 
an electrochemical poWer source. In one embodiment, the 
predetermined Weight percent is in the range(s) from about 
from about 0.01 Weight percent to about 10 Weight percent. 
In one embodiment, the predetermined Weight percent is 
about 0.025 Weight percent. “Weight percent” can be cal 
culated by a variety of means, as knoWn to those of skill in 
the art, but, in one embodiment, is calculated by measuring 
the mass of the fuel present in a given volume of the 
multiphase ?uid, and dividing this mass by the total mass of 
multiphase ?uid (e.g., fuel particles and reaction solution) in 
this same given volume. 

[0020] The ?lter system is con?gured to provide a How 
path for the multiphase ?uid therethrough. The ?lter system 
can be located along any suitable ?oW path for the mul 
tiphase ?uid How in the electrochemical poWer system. 
Turning to FIGS. 1 and 1A, ?lter system 112 can be located 
along any of the How path(s) betWeen different components 
of the electrochemical poWer system. In one embodiment, 
?lter system 112 can be located betWeen fuel storage unit 
108 and poWer source 102. Alternately or in addition, ?lter 
system 112 can be located betWeen fuel storage unit 108 and 
any of the optional components of the electrochemical 
poWer system, and/or betWeen any tWo of the optional 
components of the electrochemical poWer system. Conduits 
provide a How path for the multiphase ?uid betWeen each of 
the ?lter system(s) 112 and each of its adjacent electro 
chemical poWer system components. 

[0021] The ?lter system is also con?gured to retain par 
ticles of the particulate phase Whose largest cross-sectional 
dimension is greater than a predetermined distance. Typi 
cally, the predetermined distance contemplated for use in 
accordance With the invention is con?gured to assist in the 
operation of the invention particle-based electrochemical 
poWer source system(s). In one embodiment, the predeter 
mined distance is in the range(s) from about 110% to about 
400%, and/or in the range(s) from about 200% to about 
300%, of the average largest cross-sectional dimension of 
the particles, as calculated prior to initiation of, or during, 
the ?oW. In another embodiment, the predetermined distance 
is in the range(s) from about 500 nanometers (nm) to about 
5 millimeters (mm), and/or in the range(s) from about 0.2 
mm to about 3 mm. 
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[0022] The average largest cross-sectional dimension of 
the particles can be calculated by a variety of methods, such 
as by measuring the cross-section of a statistically 
signi?cant fraction of the particles and calculating the aver 
age cross-section therefrom, and/or (ii) by screening the 
particles through a series of screens so as to determine the 
mass fraction of particles above a siZe that is deemed to be 
about the largest acceptable cross-section, and/or (iii) the 
like. Alternately or in addition, the average largest cross 
sectional dimension of the particles can be calculated from 
the bulk properties of the particles that are miXed into the 
multiphase ?uid prior to initiation of a How thereof. 

[0023] Typically, the particles of the particulate phase 
being retained comprise the fuel of an electrochemical 
poWer source, although other particles can be utiliZed as 
appropriate. In one embodiment, the particles can comprise 
metal-containing particles. Alternately or in addition, the 
metal-containing particles can comprise Zinc-containing 
particles. Alternately or in addition, the metal-containing 
particles can be siZed so that the average largest cross 
sectional dimension of the Zinc-containing particles is not 
greater than about the predetermined distance. 

[0024] The ?lter system can be con?gured in a variety of 
Ways to both provide a How path for the multiphase ?uid and 
retain certain particles of the multiphase ?uid. In one 
embodiment, the ?lter system comprises a ?rst plurality of 
substantially parallel, substantially planar, thin slabs. 

[0025] FIGS. 3A and 3B depict an embodiment of a ?lter 
system 300, and FIGS. 4A-4C shoW an embodiment of a 
slab 400 for use in accordance With the invention. FIG. 3B 
is the same ?lter system as that represented in FIG. 3A, 
absent slabs 304 and 308 (removed for clarity) and rotated 
ninety degrees to the left. Although 11 slabs (slabs 301-311) 
are represented in ?lter system 300, the ?lter system could 
comprise greater or feWer slabs depending on the desired 
predetermined distance and/or the desired average largest 
cross-sectional dimension of the particles. Slabs 301-311 are 
substantially parallel to each other, as seen in FIGS. 3A and 
3B. Slabs 301-311 are also substantially planar as seen in 
FIGS. 3A, 3B and 4B, although one optional embodiment, 
as seen in FIG. 4B, provides that a representative slab 400 
can taper at the tWo edges 402, 404 that contact the mul 
tiphase ?uid ?oW. FIG. 4C is a side, planar vieW of slab 400 
illustrating the short dimension 452 and the long dimension 
450. 

[0026] In this con?guration, each slab of the ?rst plurality 
is separated from adjacent slab(s) by about the predeter 
mined distance. The slabs of the ?rst plurality are oriented 
in the ?lter system so that the substantially planar surface of 
the slabs is substantially parallel to the multiphase ?uid ?oW 
(direction of How is 312 in FIGS. 3A and 3B). In one 
embodiment, each of the slabs comprises a material that is 
substantially electrically conductive. EXamples of materials 
that are substantially electrically conductive include stain 
less steel, magnesium, titanium, nickel, metals that are 
substantially inert to corrosion in a base solution, suitable 
alloys of any of the foregoing, and the like, and suitable 
combinations of tWo or more of the foregoing. 

[0027] The ?lter system con?gured With slabs in accor 
dance With the invention can also comprise a DC electrical 
poWer supply 313 operatively connected to each of the slabs. 
This DC electrical poWer supply 313 can be used, among 
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other reasons, to electrochemically dissolve particles that are 
retained by the ?lter system. Thus, in one embodiment, the 
?lter system has the DC electrical poWer supply 313 oper 
ating for at least a portion of the time that the ?lter system 
is operating, Whereas, in an alternative or additional embodi 
ment, the ?lter system has the DC electrical poWer supply 
313 operating for the entire time that the ?lter system is 
operating. 

[0028] Many suitable multiphase ?uids are contemplated 
for use in accordance With the invention, depending on the 
end use application of the ?lter system. In one embodiment, 
the ?lter system con?gured With slabs in accordance With 
the invention can also be con?gured to operate With a 
multiphase ?uid comprising an acid solution or a base 
solution, and With slabs comprising a material that is sub 
stantially inert to corrosion in the acid solution or the base 
solution. In one alternative, the multiphase ?uid comprises 
a base solution, and each of the slabs comprises a material 
that is substantially inert to corrosion in the base solution. In 
another alternative, the multiphase ?uid comprises potas 
sium hydroXide 

[0029] In one embodiment, the substantially planar sur 
face of each of the slabs has a dimension in a direction 
substantially parallel to the How (e.g., dimension 452 in 
FIG. 4C) in the range(s) that are not greater than about 5 
times, and/or about 3 times, the average largest cross 
sectional dimension of the particles and/or the predeter 
mined distance. Alternatively or in addition, this dimension 
is about the smallest dimension of the slab. Thus, FIGS. 5A 
and 5B illustrate a “slab” Which is thin, but more string-like 
than planar. FIG. 5A is an end vieW While FIG. 5B is a side 
vieW. Selection of suitable slabs Will depend on a variety of 
criteria, including, among others, the force of the How to be 
eXerted against the slabs by the multiphase ?uid How and the 
material(s) from Which the slab Will be made. 

[0030] The ?lter system con?gured With slabs in accor 
dance With the invention can also comprise a second plu 
rality of substantially parallel, substantially planar, thin slabs 
doWnstream from the ?rst plurality along the How path. Each 
slab of the second plurality is separated by about the 
predetermined distance from adjacent slab(s) of the second 
plurality. Moreover, the slabs of the second plurality are 
oriented in the ?lter system so that the substantially planar 
surface of the slabs is substantially parallel to the multiphase 
?uid ?oW. The slabs of this second plurality can be further 
con?gured, alternatively or in addition, in a similar fashion 
as, and/or can comprise additional elements of, the slabs of 
the ?rst plurality. 

[0031] In one embodiment, the slabs of the second plu 
rality can be oriented in the ?lter system at a variety of 
angles relative to the slabs of the ?rst plurality. Although 
orientation angles in the range(s) from about 0 degrees to 
about 90 degrees can be utiliZed, one embodiment provides 
that the orientation angle be about 90 degrees. 

[0032] In one embodiment, the thin dimension of the thin 
slabs (e.g., that smallest dimension across the slab(s) 400 in 
FIGS. 4A and 4B) of the ?rst plurality and/or the second 
plurality can be in the range(s) from about 500 nm to about 
1 mm. 

[0033] In another aspect, the invention comprises meth 
od(s) of retaining particles, Whose largest cross-sectional 
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dimension is greater than a predetermined distance, from a 
multiphase ?uid ?oW that comprises a particulate phase in 
an amount greater than a predetermined Weight percent. The 
method(s) can comprise delivering the multiphase ?uid ?oW 
through a ?lter system, Where the ?lter system is con?gured 
to provide at least one How path for the multiphase ?uid How 
and to retain the particles. 

[0034] Optionally, the method(s) can further comprise 
con?guring the ?lter system to reduce a cross-sectional 
dimension of the retained particle(s) beloW the predeter 
mined distance. In one embodiment, the cross-sectional 
dimension of the retained particle(s) is reduced via electro 
chemistry, mechanical forces, or suitable combinations 
thereof. Multiphase ?uid characteristics (e.g., particle 
Weight percent), predetermined distances, particle charac 
teristics, and average largest cross-sectional dimensions of 
particles for the method(s) are as set forth in the description 
of the ?lter system, and can each be alternatively or addi 
tionally incorporated into the invention method(s). 

[0035] The ?lter system, and its additional or alternative 
components and/or con?gurations are also as set forth 
above, and each of these components and/or con?gurations 
can be alternatively or additionally incorporated into the 
invention method(s). 

[0036] In one embodiment, the method(s) can further be 
con?gured such that the multiphase ?uid ?oW comprises a 
reaction solution, and the reaction solution ?oWs through the 
?lter system at a super?cial velocity in the range from about 
10 cm/min to about 200 cm/min. The super?cial velocity can 
be calculated, among other Ways, by dividing the How rate 
of the multiphase ?uid (e.g., electrolyte ?uid) by the cross 
sectional area of the cell cavity(ies) (assuming no particles 
are present) through Which the multiphase ?uid (e.g., elec 
trolyte ?uid) passes. 

[0037] In a further aspect, the invention comprises com 
ponent(s) for a particle-based electrochemical poWer sys 
tem. 

[0038] As an introduction to electrochemical poWer sys 
tems, electrochemical poWer systems comprise a variety of 
fuel cells. A metal fuel cell is a fuel cell that uses a metal, 
such as Zinc particles, as fuel. In a metal fuel cell, the fuel 
is generally stored, transmitted and used in the presence of 
a reaction medium, such as potassium hydroXide solution. 

[0039] Ablock diagram of a fuel cell is illustrated in FIG. 
1. As illustrated, the fuel cell comprises a poWer source 102, 
an optional reaction product storage unit 104, an optional 
regeneration unit 106, a fuel storage unit 108, and an 
optional second reactant storage unit 110. The poWer source 
102 in turn comprises one or more cells each having a cell 
body de?ning a cell cavity, With an anode and cathode 
situated in each cell cavity. The cells can be coupled in 
parallel or series, or independently coupled to different 
electrical loads. In one implementation, they are coupled in 
series. 

[0040] The anodes Within the cell cavities in poWer source 
102 comprise the fuel stored in fuel storage unit 108 or an 
electrode. Within the cell cavities of poWer source 102, an 
electrochemical reaction takes place Whereby the anode 
releases electrons, and forms one or more reaction products. 
Through this process, the anodes are gradually consumed. 
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[0041] The electrons released from the electrochemical 
reaction at the anode flow through a load to the cathode, 
Where they react With one or more second reactants from an 
optional second reactant storage unit 110 or from some other 
source. This How of electrons through the load gives rise to 
an over-potential (i.e., Work) required to drive the demanded 
current, Which over-potential acts to decrease the theoretical 
voltage betWeen the anode and the cathode. This theoretical 
voltage arises due to the difference in electrochemical poten 
tial betWeen the anode (for example, in the case of a Zinc fuel 
cell, Zn potential of —1.215V versus SHE (standard hydro 
gen electrode) reference at open circuit) and cathode (O2 
potential of +0.401V versus SHE reference at open circuit). 
When the cells are combined in series, the sum of the 
voltages for the cells forms the output of the poWer source. 

[0042] The one or more reaction products can then be 
provided to optional reaction product storage unit 104 or to 
some other destination. The one or more reaction products, 
from unit 104 or some other source, can then be provided to 
optional regeneration unit 106, Which regenerates fuel and/ 
or one or more of the second reactants from the one or more 

reaction products. The regenerated fuel can then be provided 
to fuel storage unit 108, and/or the regenerated one or more 
second reactants can then be provided to optional second 
reactant storage unit 110 or to some other destination. As an 
alternative to regenerating the fuel from the reaction product 
using the optional regeneration unit 106, the fuel can be 
inserted into the system from an external source and the 
reaction product can be WithdraWn from the system. 

[0043] The optional reaction product storage unit 104 
comprises a unit that can store the reaction product. Exem 
plary reaction product storage units include Without limita 
tion one or more tanks, one or more sponges, one or more 

containers, one or more vats, one or more canisters, one or 

more chambers, one or more cylinders, one or more cavities, 

one or more barrels, one or more vessels, and the like, 
including Without limitation those found in or Which may be 
formed in a substrate, and suitable combinations of any tWo 
or more thereof. Optionally, the optional reaction product 
storage unit 104 is detachably attached to the system. 

[0044] The optional regeneration unit 106 comprises a unit 
that can electrolyZe the reaction product(s) back into fuel 
(e.g., electroactive particles, including Without limitation 
metal particles and/or metal-coated particles, electroactive 
electrodes, and the like, and suitable combinations of any 
tWo or more thereof) and/or second reactant (e.g., air, 
oxygen, hydrogen peroxide, other oxidiZing agents, and the 
like, and suitable combinations of any tWo or more thereof). 
Exemplary regeneration units include Without limitation 
metal (e. g., Zinc) electrolyZers (Which regenerate a fuel (e.g., 
Zinc) and a second reactant (e.g., oxygen) by electrolyZing 
a reaction product (e.g., Zinc oxide (ZnO)), and the like. 
Exemplary metal electrolyZers include Without limitation 
?uidized bed electrolyZers, spouted bed electrolyZers, and 
the like, and suitable combinations of tWo or more thereof. 
The poWer source 102 can optionally function as the 
optional regeneration unit 106 by operating in reverse, 
thereby foregoing the need for a regeneration unit 106 
separate from the poWer source 102. Optionally, the optional 
regeneration unit 106 is detachably attached to the system. 

[0045] The fuel storage unit 108 comprises a unit that can 
store the fuel (e.g., for metal fuel cells, electroactive par 
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ticles, including Without limitation metal (or metal-coated) 
particles, liquid born metal (or metal-coated) particles, and 
the like; electroactive electrodes, and the like, and suitable 
combinations of any tWo or more thereof). Exemplary fuel 
storage units include Without limitation one or more of any 
of the enumerated types of reaction product storage units, 
Which in one embodiment are made of a substantially 
non-reactive material (e.g., stainless steel, plastic, or the 
like), for holding potassium hydroxide (KOH) and metal 
(e.g., Zinc (Zn), other metals, and the like) particles, sepa 
rately or together, and the like, and suitable combinations of 
any tWo or more thereof. Optionally, the fuel storage unit 
108 is detachably attached to the system. 

[0046] The optional second reactant storage unit 110 com 
prises a unit that can store the second reactant. Exemplary 
second reactant storage units include Without limitation one 
or more tanks (for example, Without limitation, a high 
pressure tank for gaseous second reactant (e.g., oxygen gas), 
a cryogenic tank for liquid second reactant (e.g., liquid 
oxygen) Which is a gas at operating temperature (e.g., room 
temperature), a tank for a second reactant Which is a liquid 
or solid at operating temperature (e.g., room temperature), 
and the like), one or more of any of the enumerated types of 
reaction product storage units, Which in one embodiment are 
made of a substantially non-reactive material, and the like, 
and suitable combinations of any tWo or more thereof. 
Optionally, the optional second reactant storage unit 110 is 
detachably attached to the system. 

[0047] In one embodiment, the fuel cell is a metal fuel cell. 
The fuel of a metal fuel cell is a metal that can be in a form 
to facilitate entry into the cell cavities of the poWer source 
102. For example, the fuel can be in the form of metal (or 
metal-coated) particles or liquid born metal (or metal 
coated) particles or suitable combinations of any tWo or 
more thereof Exemplary metals for the metal (or metal 
coated) particles include Without limitation Zinc, aluminum, 
lithium, magnesium, iron, sodium, and the like. Suitable 
alloys of such metals can also be utiliZed for the metal (or 
metal-coated) particles. 

[0048] In this embodiment, When the fuel is optionally 
already present in the anode of the cell cavities in poWer 
source 102 prior to activating the fuel cell, the fuel cell is 
pre-charged, and can start-up signi?cantly faster than When 
there is no fuel in the cell cavities and/or can run for a time 
in the range(s) from about 0.001 minutes to about 1000 
minutes Without additional fuel being moved into the cell 
cavities. The amount of time Which the fuel cell can run on 
a pre-charge of fuel Within the cell cavities can vary With, 
among other factors, the pressuriZation of the fuel Within the 
cell cavities, and the poWer draWn from the fuel cell, and 
alternative embodiments of this aspect of the invention 
permit such amount of time to be in the range(s) from about 
1 second to about 1000 minutes or more, and in the range(s) 
from about 30 seconds to about 1000 minutes or more. 

[0049] Moreover, the second reactant optionally can be 
present in the fuel cell and pre-pressuriZed to any pressure 
in the range(s) from about 0 psi gauge pressure to about 200 
psi gauge pressure. Furthermore, in this embodiment, one 
optional aspect provides that the volumes of one or both of 
the fuel storage unit 108 and the optional second reactant 
storage unit 110 can be independently changed as required 
to independently vary the energy of the system from its 
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power, in vieW of the requirements of the system. Suitable 
such volumes can be calculated by utilizing, among other 
factors, the energy density of the system, the energy require 
ments of the one or more loads of the system, and the time 
requirements for the one or more loads of the system. In one 
embodiment, these volumes can vary in the range(s) from 
about 10-12 liters to about 1,000,000 liters. In another 
embodiment, the volumes can vary in the range(s) from 
about 10-12 liters to about 10 liters. 

[0050] In one aspect of this embodiment, at least one of, 
and optionally all of, the metal fuel cell(s) is a Zinc fuel cell 
in Which the fuel is in the form of ?uid borne Zinc particles 
immersed in a potassium hydroxide (KOH) electrolytic 
reaction solution, and the anodes Within the cell cavities are 
particulate anodes formed of the Zinc particles. In this 
embodiment, the reaction products can be the Zincate ion, 

[0051] or Zinc oxide, ZnO, and the one or more second 
reactants can be an oxidant (for example, oxygen (taken 
alone, or in any organic or aqueous (e.g., Water-containing) 
?uid (for example and Without limitation, liquid or gas (e.g., 
air)), hydrogen peroxide, and the like, and suitable combi 
nations of any tWo or more thereof). When the second 
reactant is oxygen, the oxygen can be provided from the 
ambient air (in Which case the optional second reactant 
storage unit 110 can be excluded), or from the second 
reactant storage unit 110. Similarly, When the second reac 
tant is oxygen in Water, the Water can be provided from the 
second reactant storage unit 110, or from some other source, 
e.g., tap Water (in Which case the optional second reactant 
storage unit 110 can be excluded). In order to replenish the 
cathode, to deliver second reactant(s) to the cathodic area, 
and to facilitate ion exchange betWeen the anodes and 
cathodes, a ?oW of the second reactant(s) can be maintained 
through a portion of the cells. This ?oW optionally can be 
maintained through one or more pumps (not shoWn in FIG. 
1), bloWers or the like, or through some other means. If the 
second reactant is air, it optionally can be pre-processed to 
remove CO2 by, for example, passing the air through soda 
lime. This is generally knoWn to improve performance of the 
fuel cell. 

[0052] In this embodiment, the particulate fuel of the 
anodes is gradually consumed through electrochemical dis 
solution. In order to replenish the anodes, to deliver KOH to 
the anodes, and to facilitate ion exchange betWeen the 
anodes and cathodes, a recirculating ?oW of the ?uid borne 
Zinc particles can be maintained through the cell cavities. 
This ?oW can be maintained through one or more pumps 

(not shoWn), convection, ?oW from a pressuriZed source, or 
through some other means. 

[0053] As the potassium hydroxide contacts the Zinc 
anodes, the folloWing reaction takes place at the anodes: 
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[0054] The tWo released electrons ?oW through a load to 
the cathode Where the folloWing reaction takes place: 

1 1 1 (Z) 
502 +26 +1120 -> 20H 

[0055] The reaction product is the Zincate ion, 

Zn<0H>ii 

[0056] Which is soluble in the reaction solution KOH. The 
overall reaction Which occurs in the cell cavities is the 
combination of the tWo reactions (1) and This combined 
reaction can be expressed as folloWs: 

1 3 
Zn + 20H’ + 502 + H2O -> morn; ( ) 

[0057] Alternatively, the Zincate ion, 

Zn<0H>ii 

[0058] can be alloWed to precipitate to Zinc oxide, ZnO, a 
second reaction product, in accordance With the folloWing 
reaction: 

[0059] In this case, the overall reaction Which occurs in the 
cell cavities is the combination of the three reactions (1), (2), 
and This overall reaction can be expressed as folloWs: 

1 (5) 
Zn+ 502 —> ZnO 

[0060] Under real World conditions, the reactions (3) or (5) 
yield an open-circuit voltage potential of about 1.4V. For 
additional information on this embodiment of a Zinc/air 
battery or fuel cell, the reader is referred to US. Pat. Nos. 
5,952,117; 6,153,329; and 6,162,555, Which are hereby 
incorporated by reference herein as though set forth in full. 
The reaction product 

[0061] and also possibly ZnO, can be provided to reaction 
product storage unit 104. Optional regeneration unit 106 can 
then reprocess these reaction products to yield oxygen, 
Which can be released to the ambient air or stored in second 
reactant storage unit 110, and Zinc particles, Which are 
provided to fuel storage unit 108. In addition, the optional 
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regeneration unit 106 can yield Water, Which can be dis 
charged through a drain or stored in second reactant storage 
unit 110 or fuel storage unit 108. It can also regenerate 
hydroxide, OH—, Which can be discharged or combined 
With potassium ions to yield the potassium hydroxide reac 
tion solution. 

[0062] The regeneration of the Zincate ion, 

Zn<0H>i1 

[0063] into Zinc, and one or more second reactants can 
occur according to the folloWing overall reaction: 

2, , 1 (6) 
Zn(OH)4 -> Zn + 20H + H2O + 502 

[0064] The regeneration of Zinc oxide, ZnO, into Zinc, and 
one or more second reactants can occur according to the 

folloWing overall reaction: 

1 (7) 
ZnO -> Zn + 502 

[0065] It should be appreciated that embodiments of metal 
fuel cells other than Zinc fuel cells or the particular form of 
Zinc fuel cell described above are possible for use in a 
system according to the invention. For example, aluminum 
fuel cells, lithium fuel cells, magnesium fuel cells, iron fuel 
cells, sodium fuel cells, and the like are possible, as are 
metal fuel cells Where the fuel is not in particulate form but 
in another form such as Without limitation sheets, ribbons, 
strings, slabs, plates, or the like, or suitable combinations of 
any tWo or more thereof. Embodiments are also possible in 
Which the fuel is not ?uid borne or continuously re-circu 
lated through the cell cavities (e.g., porous plates of fuel, 
ribbons of fuel being cycled past a reaction Zone, and the 
like). It is also possible to avoid an electrolytic reaction 
solution altogether or at least employ reaction solutions 
comprising elements other than potassium hydroxide, for 
example, Without limitation, reaction solutions comprising 
sodium hydroxide, inorganic alkalis, alkali or alkaline earth 
metal hydroxides or aqueous salts such as sodium chloride, 
or the like, or suitable combinations of any tWo or more 

thereof. See, for example, US. Pat. No. 5,958,210, the entire 
contents of Which are incorporated herein by this reference. 
It is also possible to employ metal fuel cells that output AC 
poWer rather than DC poWer using an inverter, a voltage 
converter, or the like, or suitable combinations of any tWo or 
more thereof. 

[0066] In a second embodiment of a fuel cell useful in the 
practice of the invention system, a metal fuel cell system is 
provided. Such system is characteriZed in that it has one, or 
any suitable combination of tWo or more, of the folloWing 
properties: the system optionally can be con?gured to not 
utiliZe or produce signi?cant quantities of ?ammable fuel or 
product, respectively; the system can provide primary and/or 
auxiliary/backup poWer to the one or more loads for an 
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amount of time limited only by the amount of fuel present 
(e.g., in the range(s) from about 0.01 hours to about 10,000 
hours or more, and in the range(s) from about 0.5 hours to 
about 650 hours, or more); the system optionally can be 
con?gured to have an energy density in the range(s) from 
about 35 Watt-hours per kilogram of combined fuel and 
electrolyte (reaction medium) added to about 400 Watt 
hours per kilogram of combined fuel and electrolyte added; 
the system optionally can further comprise an energy 
requirement and can be con?gured such that the combined 
volume of fuel and electrolyte added to the system is in the 
range(s) from about 0.0028 L per Watt-hour of the system’s 
energy requirement to about 0.025 L per Watt-hour of the 
system’s energy requirement, and this energy requirement 
can be calculated in vieW of, among other factors, the energy 
requirement(s) of the one or more load(s) comprising the 
system (In one embodiment, the energy requirement of the 
system can be in the range(s) from 50 Watt-hours to about 
500,000 Watt-hours, Whereas in another embodiment, the 
energy requirement of the system can be in the range(s) from 
5 Watt-hours to about 50,000,000 Watt-hours; in yet another 
embodiment, the energy requirement can range from 5x10“ 
12 Watt-hours to 50,000 Watt-hours); the system optionally 
can be con?gured to have a fuel storage unit that can store 
fuel at an internal pressure in the range(s) from about —5 
pounds per square inch (psi) gauge pressure to about 200 psi 
gauge pressure; the system optionally can be con?gured to 
operate normally While generating noise in the range(s) from 
about 1 dB to about 50 dB (When measured at a distance of 
about 10 meters therefrom), and alternatively in the range(s) 
of less than about 50 dB (When measured at distance of 
about 10 meters therefrom). In one implementation, this 
metal fuel cell system comprises a Zinc fuel cell system. 

[0067] FIG. 2 is a block diagram of an alternative embodi 
ment of a metal-based fuel cell in Which, compared to FIG. 
1, like elements are referenced With like identifying numer 
als. Dashed lines are How paths for the recirculating reaction 
solution When the optional regeneration unit is present and 
running. Solid lines are How paths for the recirculating 
anode ?uid When the fuel cell system is running in idle or 
discharge mode. As illustrated, in this embodiment, When 
the system is operating in the discharge mode, optional 
regeneration unit 106 need not be in the How path repre 
sented by the solid lines. 

[0068] An advantage of fuel cells relative to traditional 
poWer sources such as lead acid batteries is that they can 
provide longer term primary and/or auxiliary/backup poWer 
more ef?ciently and compactly. This advantage stems from 
the ability to continuously refuel the fuel cells using fuel 
stored With the fuel cell, from some other source, and/or 
regenerated from reaction products by the optional regen 
eration unit 106. In the case of the metal (e.g., Zinc) fuel cell, 
for example, the duration of time over Which energy can be 
provided is limited only by the amount of fuel and reaction 
medium (if used) Which is initially provided in the fuel 
storage unit, Which is fed into the system during replacement 
of a fuel storage unit 108, and/or Which can be regenerated 
from the reaction products that are produced. Thus, the 
system, comprising at least one fuel cell that comprises an 
optional regeneration unit 106 and/or a replaceable fuel 
storage unit 108, can provide primary and/or auxiliary/ 
backup poWer to the one or more loads for a time in the 
range(s) from about 0.01 hours to about 10000 hours, or 
even more. In one aspect of this embodiment, the system can 
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provide back-up power to the one or more loads for a time 
in the range(s) from about 0.5 hours to about 650 hours, or 
even more. 

[0069] Moreover, the system can optionally can be con 
?gured to expel substantially no reaction product(s) outside 
of the system (e.g., into the environment). 

[0070] Returning from the introduction to electrochemical 
poWer systems, particle-based electrochemical poWer sys 
tem component(s) in accordance With the invention can 
comprise a poWer source, a fuel storage unit, a ?lter system, 
and one or more How paths betWeen the fuel storage unit and 
the poWer source. The fuel storage unit can contain a 
multiphase ?oWable fuel that comprises a particulate phase. 
The ?lter system can be con?gured to retain particles of the 
particulate phase Whose largest cross-sectional dimension is 
greater than a predetermined distance. The one or more How 
paths can be con?gured to provide the multiphase ?oWable 
fuel betWeen the fuel storage and the poWer source, and to 
provide that at least one of the How paths is directed through 
the ?lter system. 

[0071] Multiphase ?uid characteristics (e.g., particle 
Weight percent, super?cial velocity), predetermined dis 
tances, particle characteristics, and average largest cross 
sectional dimensions of particles for the particle-based elec 
trochemical poWer system component(s) are as set forth in 
the description of the ?lter system above, and can each be 
alternatively or additionally incorporated into the invention 
particle-based electrochemical poWer system component(s). 

[0072] The ?lter system, and its additional or alternative 
components and/or con?gurations are also as set forth 
above, and each of these components and/or con?gurations 
can be alternatively or additionally incorporated into the 
invention particle-based electrochemical poWer system 
component(s). 
[0073] In an additional aspect, the invention comprises 
method(s) of using particle-based electrochemical poWer 
source component(s), Which component(s) can comprise a 
?lter system and one or more How paths for a multiphase 
?uid that comprises a particulate phase. Using can comprise 
operating, testing, other utiliZings, and the like, and suitable 
combinations thereof. The method(s) can comprise deliver 
ing a How of the multiphase ?uid through the ?lter system 
along at least one of the How paths. The method(s) can 
further comprise con?guring the ?lter system to retain 
particles of the particulate phase Whose largest cross-sec 
tional dimension is greater than a predetermined distance. 

[0074] Multiphase ?uid characteristics (e.g., particle 
Weight percent, super?cial velocity), predetermined dis 
tances, particle characteristics, and average largest cross 
sectional dimensions of particles for the method(s) of using 
particle-based electrochemical poWer source component(s) 
are as set forth in the description of the ?lter system above, 
and can each be alternatively or additionally incorporated 
into the invention method(s) of using particle-based elec 
trochemical poWer source component(s). 

[0075] The ?lter system, and its additional or alternative 
components and/or con?gurations are also as set forth 
above, and each of these components and/or con?gurations 
can be alternatively or additionally incorporated into the 
invention method(s) of using particle-based electrochemical 
poWer source component(s). 
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[0076] In another aspect, the invention comprises particle 
based electrochemical poWer system(s) that comprise com 
ponent(s) in accordance With a further aspect of the inven 
tion. 

[0077] Multiphase ?uid characteristics (e.g., particle 
Weight percent, super?cial velocity), predetermined dis 
tances, particle characteristics, and average largest cross 
sectional dimensions of particles for the particle-based elec 
trochemical poWer system(s) are as set forth in the 
description of the ?lter system above, and can each be 
alternatively or additionally incorporated into the invention 
method(s) of using particle-based electrochemical poWer 
source component(s). 

[0078] The ?lter system, and its additional or alternative 
components and/or con?gurations are also as set forth 
above, and each of these components and/or con?gurations 
can be alternatively or additionally incorporated into the 
invention particle-based electrochemical poWer system(s). 

[0079] In a further aspect, the invention comprises meth 
od(s) of using particle-based electrochemical poWer source 
system(s), Which system(s) can comprise component(s) in 
accordance With a further aspect of the invention (e.g., a 
poWer source, a fuel storage unit, a ?lter system and one or 
more How paths for a multiphase ?uid that comprises a 
particulate phase). Using can comprise operating, testing, 
other utiliZings, and the like, and suitable combinations 
thereof. The method(s) can comprise delivering a How of the 
multiphase ?uid through the ?lter system along at least one 
of the flow paths. The method(s) can further comprise 
con?guring the ?lter system to retain particles of the par 
ticulate phase Whose largest cross-sectional dimension is 
greater than a predetermined distance. 

[0080] Multiphase ?uid characteristics (e.g., particle 
Weight percent, super?cial velocity), predetermined dis 
tances, particle characteristics, and average largest cross 
sectional dimensions of particles for the method(s) of using 
particle-based electrochemical poWer system(s) are as set 
forth in the description of the ?lter system above, and can 
each be alternatively or additionally incorporated into the 
invention method(s) of using particle-based electrochemical 
poWer system(s). 

[0081] The ?lter system, and its additional or alternative 
components and/or con?gurations are also as set forth 
above, and each of these components and/or con?gurations 
can be alternatively or additionally incorporated into the 
invention method(s) of using particle-based electrochemical 
poWer system(s). 

[0082] As utiliZed herein, terms such as “approximately, 
”“about” and “substantially” are intended to alloW some 
leeWay in mathematical exactness to account for tolerances 
that are acceptable in the trade, e.g., any deviation upWard 
or doWnWard from the value modi?ed by “approximately, 
”“about” or “substantially” by any value in the range(s) up 
to 20% of such value. 

[0083] As employed herein, the terms or phrases “in the 
range(s)” or “betWeen” comprises the range de?ned by the 
values listed after the term “in the range(s)” or “betWeen”, 
as Well as any and all subranges contained Within such 
range, Where each such subrange is de?ned as having as a 
?rst endpoint any value in such range, and as a second 
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endpoint any value in such range that is greater than the ?rst 
endpoint and that is in such range. 

[0084] As employed herein, the term “retain” means to 
remove or ?lter from one or more How paths of the elec 
trochemical poWer system, or to keep on the How path (e.g., 
against the ?lter system 300 through Which the multiphase 
?uid ?oWs) but static or immobile relative to the ?oW. 

EXAMPLE 

[0085] With reference to FIG. 3A, a ?lter 300 Was con 
structed from a stainless steel pipe housing. The stainless 
steel pipe housing Was made of 304 stainless steel, had an 
outer diameter of 3A“, an inner diameter of 21.44 millimeters 
(mm), and a length of 3“, With only one end of the pipe 
housing end face being machined With slots. 

[0086] The ?lter Was constructed by machining slots into 
the end face of the stainless steel pipe housing. Eleven slabs 
301-311 of stainless steel plate Were positioned into the slots 
so that the length of the slabs Was parallel to the longer aXis 
of the stainless steel pipe housing. Each slab had a thin 
dimension of 0.203 mm, a dimension along the How path 
plane (depth) of 5 mm, and varying lengths as needed to 
bridge tWo machined slots. Each slab is separated from 
adjacent slab(s) by 1.597 mm. 

[0087] The ?lter 300 Was placed in the How line betWeen 
the fuel storage tank 108 and the inlet into the poWer source 
102 (e.g., the inlet into the cell stacks). 

[0088] In one embodiment, the ?lter 300 Was connected to 
the fuel cell anode. This served to place the ?lter 300, and 
any retained particles thereon, at a positive potential relative 
to the Zinc in the fuel cell anodes. Under these conditions, 
the retained particles on the ?lter 300 Would dissolve to form 
soluble Zinc species and particles having a largest cross 
sectional area that is less than 1.597 mm (e.g., the prede 
termined distance in this example). The ?lter 300 could be 
connected to the fuel cell anodes by using a conductive 
material to make an electrical connection betWeen the fuel 
cell anode and the metal ?lter unit. 

[0089] While various embodiments of the invention have 
been described, it Will be apparent to those of ordinary skill 
in the art that many more embodiments and implementations 
are possible that are Within the scope of this invention. 

What is claimed is: 
1. A ?lter system for use in a How of a multiphase ?uid 

that comprises a particulate phase, the ?lter system being 
con?gured to provide at least one How path for the mul 
tiphase ?uid and to retain particles of the particulate phase 
Whose largest cross-sectional dimension is greater than a 
predetermined distance. 

2. The ?lter system of claim 1, Wherein the predetermined 
distance is in the range from about 110% to about 400% of 
the average largest cross-sectional dimension of the par 
ticles, as measured prior to initiation of, or during, the ?oW. 

3. The ?lter system of claim 2, Wherein the predetermined 
distance is in the range from about 200% to about 300% of 
the average largest cross-sectional dimension of the par 
ticles, as measured prior to initiation of, or during, the ?oW. 

4. The ?lter system of claim 1, Wherein the particles 
comprise metal-containing particles. 

5. The ?lter system of claim 4, Wherein the metal 
containing particles comprise Zinc-containing particles. 
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6. The ?lter system of claim 5, Wherein the average largest 
cross-sectional dimension of the Zinc-containing particles is 
not greater than about the predetermined distance. 

7. The ?lter system of claim 1, Wherein the predetermined 
distance is in the range from about 500 nm to about 5 mm. 

8. The ?lter system of claim 1, Wherein the predetermined 
distance is in the range from about 0.2 mm to about 3 mm. 

9. The ?lter system of claim 1, Wherein the ?lter system 
comprises a ?rst plurality of substantially parallel, substan 
tially planar, thin slabs, Wherein each slab is separated from 
adjacent slab(s) by about the predetermined distance, and 
Wherein the slabs are oriented in the ?lter system so that the 
substantially planar surface of the slabs is substantially 
parallel to the multiphase ?uid ?oW. 

10. The ?lter system of claim 9, Wherein each of the slabs 
comprises a material that is substantially electrically con 
ductive. 

11. The ?lter system of claim 10, Wherein the material that 
is substantially electrically conductive is selected from the 
group consisting of stainless steel, magnesium, titanium, 
nickel, metals that are substantially inert to corrosion in a 
base solution, suitable alloys of any of the foregoing, and 
suitable combinations of tWo or more of the foregoing. 

12. The ?lter system of claim 10 further comprising a DC 
electrical poWer supply operatively connected to each of the 
slabs. 

13. The ?lter system of claim 12, Wherein the DC elec 
trical poWer supply is operating for at least a portion of the 
time that the ?lter system is operating. 

14. The ?lter system of claim 12, Wherein the DC elec 
trical poWer supply is operating for the entire time that the 
?lter system is operating. 

15. The ?lter system of claim 9, Wherein the multiphase 
?uid comprises an acid solution or a base solution, and 
Wherein each of the slabs comprises a material that is 
substantially inert to corrosion in the acid solution or the 
base solution. 

16. The ?lter system of claim 15, Wherein the multiphase 
?uid comprises a base solution, and Wherein each of the 
slabs comprises a material that is substantially inert to 
corrosion in the base solution. 

17. The ?lter system of claim 16, Wherein the base 
solution comprises potassium hydroXide. 

18. The ?lter system of claim 9, Wherein the substantially 
planar surface of each of the slabs has a dimension in a 
direction substantially parallel to the How that is not greater 
than about 5 times the average largest cross-sectional dimen 
sion of the particles. 

19. The ?lter system of claim 18, Wherein the dimension 
is not greater than about 3 times the average largest cross 
sectional dimension. 

20. The ?lter system of claim 19, Wherein the dimension 
is about the smallest dimension of the slab. 

21. The ?lter system of claim 9, further comprising a 
second plurality of substantially parallel, substantially pla 
nar, thin slabs doWnstream from the ?rst plurality along the 
How path, Wherein each slab of the second plurality is 
separated by about the predetermined distance from adjacent 
slab(s) of the second plurality, and Wherein the slabs of the 
second plurality are oriented in the ?lter system so that the 
substantially planar surface of the slabs is substantially 
parallel to the multiphase ?uid ?oW. 

22. The ?lter system of claim 21, Wherein the slabs of the 
second plurality are oriented in the ?lter system at an angle 
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in the range from about 0 degrees to about 90 degrees 
relative to the slabs of the ?rst plurality. 

23. The ?lter system of claim 22, Wherein the slabs of the 
second plurality are oriented in the ?lter system at an angle 
of about 90 degrees relative to the slabs of the ?rst plurality. 

24. The ?lter system of claim 9, Wherein the thin dimen 
sion of the thin slabs is in the range from about 500 nm to 
about 1 mm. 

25. A method of retaining particles, Whose largest cross 
sectional dimension is greater than a predetermined dis 
tance, from a particulate phase of a multiphase ?uid ?oW, the 
method comprising delivering the multiphase ?uid ?oW 
through a ?lter system, Wherein the ?lter system is con?g 
ured to provide at least one How path for the multiphase ?uid 
How and to retain the particles. 

26. The method of claim 25, further comprising con?g 
uring the ?lter system to reduce a cross-sectional dimension 
of the retained particle(s) beloW the predetermined distance. 

27. The method of claim 26, Wherein the cross-sectional 
dimension of the retained particle(s) is reduced via electro 
chemistry, mechanical forces, or suitable combinations 
thereof. 

28. The method of claim 25, Wherein the predetermined 
distance is in the range from about 110% to about 400% of 
the average largest cross-sectional dimension of the par 
ticles, as measured prior to initiation of, or during, the 
multiphase ?uid ?oW. 

29. The method of claim 28, Wherein the predetermined 
distance is in the range from about 200% to about 300% of 
the average largest cross-sectional dimension of the par 
ticles, as measured prior to initiation of, or during, the 
multiphase ?uid ?oW. 

30. The method of claim 25, Wherein the particles com 
prise metal-containing particles. 

31. The method of claim 30, Wherein the metal-containing 
particles comprise Zinc-containing particles. 

32. The method of claim 31, Wherein the average largest 
cross-sectional dimension of the Zinc-containing particles is 
not greater than about the predetermined distance. 

33. The method of claim 25, Wherein the predetermined 
distance is in the range from about 500 nm to about 5 mm. 

34. The method of claim 25, Wherein the predetermined 
distance is in the range from about 0.2 mm to about 3 mm. 

35. The method of claim 25, Wherein the ?lter system 
comprises a ?rst plurality of substantially parallel, substan 
tially planar, thin slabs, Wherein each slab is separated by 
about the predetermined distance from adjacent slab(s), and 
Wherein the slabs are oriented in the ?lter system so that the 
substantially planar surface of the slabs is substantially 
parallel to the multiphase ?uid ?oW. 

36. The method of claim 35, Wherein each of the slabs 
comprises a material that is substantially electrically con 
ductive. 

37. The method of claim 36, Wherein the material that is 
substantially electrically conductive is selected from the 
group consisting of stainless steel, magnesium, titanium, 
nickel, other metals that are substantially inert to corrosion 
in a base solution, suitable alloys of any of the foregoing, 
and suitable combinations of tWo or more of the foregoing. 

38. The method of claim 36, Wherein the ?lter system 
further comprises a DC electrical poWer supply operatively 
connected to each of the slabs. 
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39. The method of claim 38, Wherein the DC electrical 
poWer supply is operating for at least a portion of the time 
that the ?lter system is operating. 

40. The method of claim 38, Wherein the DC electrical 
poWer supply is operating for the entire time that the ?lter 
system is operating. 

41. The method of claim 38, further comprising activating 
the DC electrical poWer supply to electrochemically reduce 
the largest cross-sectional dimension of the retained par 
ticle(s) beloW the predetermined distance. 

42. The method of claim 35, Wherein the multiphase ?uid 
comprises an acid solution or a base solution, and Wherein 
each of the slabs comprises a material that is substantially 
inert to corrosion in the acid solution or the base solution. 

43. The method of claim 42, Wherein the multiphase ?uid 
comprises a base solution, and Wherein each of the slabs 
comprises a material that is substantially inert to corrosion 
in the base solution. 

44. The method of claim 43, Wherein the base solution 
comprises potassium hydroXide. 

45. The method of claim 35, Wherein the substantially 
planar surface of each of the slabs has a dimension in a 
direction substantially parallel to the How that is not greater 
than about 5 times the average largest cross-sectional dimen 
sion of the particles. 

46. The method of claim 45, Wherein the dimension is not 
greater than about 3 times the average largest cross-sectional 
dimension. 

47. The method of claim 45 , Wherein the dimension is not 
greater than about the smallest dimension of the slab. 

48. The method of claim 35, Wherein the ?lter system 
further comprises a second plurality of substantially parallel, 
substantially planar, thin slabs doWnstream from the ?rst 
plurality along the How path, Wherein each slab of the 
second plurality is separated by about the predetermined 
distance from adjacent slab(s) of the second plurality, and 
Wherein the slabs of the second plurality are oriented in the 
?lter system so that the substantially planar surface of the 
slabs is substantially parallel to the multiphase ?uid ?oW. 

49. The method of claim 48, Wherein the slabs of the 
second plurality are oriented in the ?lter at an angle in the 
range from about 0 degrees to about 90 degrees relative to 
the slabs of the ?rst plurality. 

50. The method of claim 49, Wherein the slabs of the 
second plurality are oriented in the ?lter at an angle of about 
90 degrees relative to the slabs of the ?rst plurality. 

51. The method of claim 25, Wherein the multiphase ?uid 
?oW comprises a reaction solution, and Wherein the reaction 
solution ?oWs through the ?lter system at a super?cial 
velocity in the range from about 10 cm/min to about 200 
cm/min. 

52. The method of claim 25, Wherein the thin dimension 
of the thin slabs is in the range from about 500 nm to about 
1 mm. 

53. Aparticle-based electrochemical poWer system com 
ponent comprising a poWer source, a fuel storage unit for 
containing a multiphase ?oWable fuel that comprises a 
particulate phase, a ?lter system con?gured to retain par 
ticles of the particulate phase Whose largest cross-sectional 
dimension is greater than a predetermined distance, and one 
or more How paths for providing the multiphase ?oWable 
fuel betWeen the fuel storage unit and the poWer source, 
Wherein at least one of the How paths is directed through the 
?lter system. 
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54. The particle-based electrochemical power system 
component of claim 53, Wherein the predetermined distance 
is in the range from about 110% to about 400% of the 
average largest cross-sectional dimension of the particles, as 
measured prior to initiation of, or during, the multiphase 
?uid ?oW. 

55. The particle-based electrochemical poWer system 
component of claim 53, Wherein the particles comprise 
metal-containing particles. 

56. The particle-based electrochemical poWer system 
component of claim 55, Wherein the metal-containing par 
ticles comprise Zinc-containing particles. 

57. The particle-based electrochemical poWer system 
component of claim 56, Wherein the average largest cross 
sectional dimension of the Zinc-containing particles is not 
greater than about the predetermined distance. 

58. The particle-based electrochemical poWer system 
component of claim 53, Wherein the predetermined distance 
is in the range from about 500 nm to about 5 mm. 

59. The particle-based electrochemical poWer system 
component of claim 58, Wherein the predetermined distance 
is in the range from about 0.2 mm to about 3 mm. 

60. The particle-based electrochemical poWer system 
component of claim 53, Wherein the ?lter system comprises 
a ?rst plurality of substantially parallel, substantially planar, 
thin slabs, Wherein each slab is separated by about the 
predetermined distance from adjacent slab(s), and Wherein 
the slabs are oriented in the ?lter system so that the sub 
stantially planar surface of the slabs is substantially parallel 
to the multiphase ?uid ?oW. 

61. The particle-based electrochemical poWer system 
component of claim 60, Wherein each of the slabs comprises 
a material that is substantially electrically conductive. 

62. The particle-based electrochemical poWer system 
component of claim 61, Wherein the ?lter system further 
comprises a DC electrical poWer supply operatively con 
nected to each of the slabs. 

63. The particle-based electrochemical poWer system 
component of claim 62, Wherein the DC electrical poWer 
supply is operating for at least a portion of the time that the 
?lter system is operating. 

64. The particle-based electrochemical poWer system 
component of claim 62, Wherein the DC electrical poWer 
supply is operating for the entire time that the ?lter system 
is operating. 

65. The particle-based electrochemical poWer system 
component of claim 60, Wherein the ?lter system con?gu 
ration further comprises a second plurality of substantially 
parallel, substantially planar, thin slabs doWnstream from 
the ?rst plurality along the How path, Wherein each slab of 
the second plurality is separated by about the predetermined 
distance from adjacent slab(s) of the second plurality, and 
Wherein the slabs of the second plurality are oriented in the 
?lter system so that the substantially planar surface of the 
slabs is substantially parallel to the multiphase ?uid ?oW. 

66. The particle-based electrochemical poWer system 
component of claim 66, Wherein the slabs of the second 
plurality are oriented in the ?lter at an angle in the range 
from about 0 degrees to about 90 degrees relative to the slabs 
of the ?rst plurality. 

67. The particle-based electrochemical poWer system 
component of claim 66, Wherein the slabs of the second 
plurality are oriented in the ?lter at an angle of about 90 
degrees relative to the slabs of the ?rst plurality. 
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68. The particle-based electrochemical poWer system 
component of claim 53, Wherein the multiphase ?uid ?oW 
comprises a reaction solution, and Wherein the ?lter system 
is con?gured to operate While the reaction solution ?oWs 
through the ?lter system at a super?cial velocity in the range 
from about 10 cm/min to about 200 cm/min. 

69. The particle-based electrochemical poWer system 
component of claim 60, Wherein the thin dimension of the 
thin slabs is in the range from about 500 nm to about 1 mm. 

70. A method of using a particle-based electrochemical 
poWer source component comprising a ?lter system and one 
or more ?oWs of a multiphase ?uid, the method comprising: 

delivering a How of the multiphase ?uid through the ?lter 
system, Wherein the multiphase ?uid comprises a par 
ticulate phase; 

Wherein the ?lter system is con?gured to retain particles 
of the particulate phase Whose largest cross-sectional 
dimension is greater than a predetermined distance. 

71. The method of claim 70, Wherein the predetermined 
distance is in the range from about 110% to about 400% of 
the average largest cross-sectional dimension of the par 
ticles, as measured prior to initiation of, or during, the 
multiphase ?uid ?oW. 

72. The method of claim 71, Wherein the predetermined 
distance is in the range from about 200% to about 300% of 
the average largest cross-sectional dimension of the par 
ticles, as measured prior to initiation of, or during, the 
multiphase ?uid ?oW. 

73. The method of claim 70, Wherein the particles com 
prise metal-containing particles. 

74. The method of claim 73, Wherein the metal-containing 
particles comprise Zinc-containing particles. 

75. The method of claim 74, Wherein the average largest 
cross-sectional dimension of the Zinc-containing particles is 
not greater than about the predetermined distance. 

76. The method of claim 70, Wherein the predetermined 
distance is in the range from about 500 nm to about 5 mm. 

77. The method of claim 70, Wherein the predetermined 
distance is in the range from about 0.2 mm to about 3 mm. 

78. The method of claim 70, Wherein the ?lter system 
comprises a ?rst plurality of substantially parallel, substan 
tially planar, thin slabs, Wherein each slab is separated by 
about the predetermined distance from adjacent slab(s), and 
Wherein the slabs are oriented in the ?lter system so that the 
substantially planar surface of the slabs is substantially 
parallel to the multiphase ?uid ?oW. 

79. The method of claim 78, Wherein each of the slabs 
comprises a material that is substantially electrically con 
ductive. 

80. The method of claim 79, Wherein the material that is 
substantially electrically conductive is selected from the 
group consisting of stainless steel, magnesium, titanium, 
nickel, other metals that are substantially inert to corrosion 
in a base solution, suitable alloys of any of the foregoing, 
and suitable combinations of tWo or more of the foregoing. 

81. The method of claim 79, Wherein the ?lter system 
further comprises a DC electrical poWer supply operatively 
connected to each of the slabs. 

82. The method of claim 81, Wherein the DC electrical 
poWer supply is operating for at least a portion of the time 
that the ?lter system is operating. 
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83. The method of claim 81, wherein the DC electrical 
power supply is operating for the entire time that the ?lter 
system is operating. 

84. The method of claim 81, further comprising activating 
the DC electrical poWer supply to initiate electrochemical 
dissolution of the retained particles. 

85. The method of claim 78, Wherein the multiphase ?uid 
comprises an acid solution or a base solution, and Wherein 
each of the slabs comprises a material that is substantially 
inert to corrosion in the acid solution or the base solution. 

86. The method of claim 85, Wherein the multiphase ?uid 
comprises a base solution, and Wherein each of the slabs 
comprises a material that is substantially inert to corrosion 
in the base solution. 

87. The method of claim 86, Wherein the base solution 
comprises potassium hydroXide. 

88. The method of claim 78, Wherein the particles have an 
average largest cross-sectional dimension, and Wherein the 
substantially planar surface of each of the slabs has a 
dimension in a direction substantially parallel to the How 
that is not greater than about 5 times the average largest 
cross-sectional dimension. 

89. The method of claim 88, Wherein the dimension is not 
greater than about 3 times the average largest cross-sectional 
dimension. 

90. The method of claim 88, Wherein the dimension is not 
greater than about the smallest dimension of the slab. 

91. The method of claim 78, Wherein the ?lter system 
further comprises a second plurality of substantially parallel, 
substantially planar, thin slabs doWnstream in the How from 
the ?rst plurality, Wherein each slab of the second plurality 
is separated by about the predetermined distance from 
adjacent slab(s) of the second plurality, and Wherein the 
slabs of the second plurality are oriented in the ?lter system 
so that the substantially planar surface of the slabs is 
substantially parallel to the multiphase ?uid ?oW. 

92. The method of claim 91, Wherein the slabs of the 
second plurality are oriented in the ?lter at an angle in the 
range from about 0 degrees to about 90 degrees relative to 
the slabs of the ?rst plurality. 

93. The method of claim 92, Wherein the slabs of the 
second plurality are oriented in the ?lter at an angle of about 
90 degrees relative to the slabs of the ?rst plurality. 

94. The method of claim 70, Wherein the multiphase ?uid 
?oW comprises a reaction solution, and Wherein the reaction 
solution ?oWs through the ?lter system at a super?cial 
velocity in the range from about 10 cm/min to about 200 
cm/min. 

95. The method of claim 70, Wherein the thin dimension 
of the thin slabs is in the range from about 500 nm to about 
1 mm. 

96. A particle-based electrochemical poWer system com 
prising the particle-based electrochemical poWer system 
component of claim 53. 

97. A method of using a particle-based electrochemical 
poWer system comprising a ?lter system and one or more 
?oWs of a multiphase ?uid, the method comprising: 
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delivering a How of the multiphase ?uid through the ?lter 
system, Wherein the multiphase ?uid comprises a par 
ticulate phase; 

Wherein the ?lter system is con?gured to retain particles 
of the particulate phase Whose largest cross-sectional 
dimension is greater than a predetermined distance. 

98. A method of retaining particles, Whose largest cross 
sectional dimension is greater than a predetermined dis 
tance, from a particulate phase of a multiphase ?uid ?oW, the 
method comprising a step for delivering the multiphase ?uid 
?oW through a ?lter means, Wherein the ?lter means is for 
having at least one How path therethrough for the multiphase 
?uid How and for retaining the particles. 

99. A method of using a particle-based electrochemical 
poWer source component comprising ?lter means and one or 
more ?oWs of a multiphase ?uid, the method comprising: 

a step for delivering a How of the multiphase ?uid through 
the ?lter means, Wherein the multiphase ?uid com 
prises a particulate phase; 

Wherein the ?lter means is for retaining particles of the 
particulate phase Whose largest cross-sectional dimen 
sion is greater than a predetermined distance. 

100. A method of using a particle-based electrochemical 
poWer system comprising poWer source means, fuel storage 
means for containing a multiphase ?oWable fuel that com 
prises a particulate phase, ?lter means, and one or more How 
path means for providing the multiphase ?oWable fuel 
betWeen the fuel storage means and the poWer source means, 
Wherein at least one of the How paths is directed through the 
?lter means, the method comprising: 

a step for delivering the multiphase ?oWable fuel through 
the ?lter means; 

Wherein the ?lter means is for retaining particles of the 
particulate phase Whose largest cross-sectional dimen 
sion is greater than a predetermined distance. 

101. A system for ?ltering particles of a multiphase ?uid 
that comprises a particulate phase, the system comprising: 

means for retaining particles Whose largest cross-sectional 
dimension is greater than a predetermined distance; and 

means for providing at least one How path for the mul 
tiphase ?uid. 

102. A component system for a particle-based electro 
chemical poWer source comprising poWer source means, 
means for storing a multiphase ?oWable fuel that comprises 
a particulate phase, means for retaining particles of the 
particulate phase Whose largest cross-sectional dimension is 
greater than a predetermined distance, and one or more How 
paths for providing the multiphase ?oWable fuel betWeen the 
means for storing and the poWer source means, Wherein at 
least one of the How paths is directed through the means for 
retaining. 

103. Aparticle-based electrochemical poWer system com 
prising the component system of claim 102. 

* * * * * 


